China's trade with Africa has increased significantly in the past two decades. The effects of these growing trade volumes (and financial flows) are quite contested. The purpose of this paper is to study the effects of growing Chinese influence in Africa on the intra-regional trade in the continent. The paper estimates a traditional gravity model using Poisson pseudo-maximumlikelihood estimation method for a panel of 135 countries over the period 1990-2012. The results show that African countries are marginalized from world trade. They trade less compared to a non-African country with similar characteristics. Even though intra-regional trade in Africa is quite low, the paper finds no evidence that these trade volumes are lower than what would be expected (given the characteristics of these countries). However, the results indicate that trade relations with China have distorted patterns of trade in Africa. The analysis shows that Chinese presence has led African countries to import less from (and export less to) other African countries. The massive influx of cheap Chinese goods into African markets combined with preferential tariff treatment offered by the Chinese government to African exporters may explain these patterns. The study also looks at how the effects of Chinese engagement in Africa have changed over time. The results suggest that over the past decade, the
INTRODUCTION
China has grown at phenomenal rates in the last few decades. However, in order to sustain these high growth rates, China needs to ensure a steady supply of natural resources like oils, minerals etc. The country's energy demands have more than doubled in the past few decades leading to increasing pressures for meeting demands for natural resources 1 . These factors led China to look oversees for sources of mineral resources and could explain the increasing involvement of China in Africa since the late 1990s 2 . The NYU Wagner School Study concluded that 'China's foreign aid is driven primarily by the need for natural resources' 3 . Similarly, Foster et al. (2008) conclude that 'most But most of the products for which China grants tariff exemption are principally raw materials.
Thus, most of the increased trade flows represent a rising export of natural resources to China.
About two-thirds of all African exports to China are oil and related products 6 . Africa showed a USD 20 billion trade surplus with China in 2011. But more than three-quarters of the continent's exports were oil, gas, metals and minerals from only five countries -Sudan, Angola, Egypt, Nigeria and South Africa. Excluding oil exports, Africa had a trade deficit with China amounting to USD 28 billion in 2011 7 . Thus, the growth of African exports to China is driven by a very few countries. Apart from these few very resource-rich countries, the majority of African countries have 'mounting trade deficits' with China 8 . This highlights the asymmetry of the relationship between China and African countries.
Chinese investment in Africa has also increased dramatically. From USD 20 million per year in the early 1990s, Chinese FDI in Africa jumped close to USD 100 million in 2000 and reached more than USD 1 billion in 2006 9 . Most of these investments are focused on long-term access to raw materials. Five resource-rich African countries -South Africa, Nigeria, Zambia, Algeria, and Sudan accounted for 87 percent of Chinese FDI outflows on average during the four year period of 2005 to 2008 10 . Eisenman (2012) argues that almost all of Chinese investment into rail projects in Africa is aimed at connecting African raw material suppliers with Chinese buyers and Chinese goods manufacturers with African customers.
Since the late 1990s China's aid to Africa has also increased significantly. There's no consensus in the literature so far regarding the determinants of Chinese aid to Africa. While Naím (2007) argues that political and commercial interests are the principle determinants of Chinese aid to Africa, Dreher and Fuchs (2011) argue that China is no different from other donors and Chinese aid allocations are not dominated by natural resource considerations. However, a large number of studies do suggest that Chinese aid is increasingly directed towards resource-rich Sub-Saharan African economies 11 . The asymmetric patterns of aid and investment allocations could lead to asymmetries in the patterns of infrastructural, institutional development in the continent and this could affect patterns of intra-regional trade.
It is believed that the rising trade has a significant positive impact on the African economies. On the export side, they gain from China's demand for commodities. As Broadman (2007) argues, the rising demand for raw materials by China has led to increased global commodity prices thereby improving the terms of trade for African raw materials exporters. On the import side, African countries benefit from the cheap consumption and capital goods 12 . However, cheap products from China are also leading to the displacement of existing and potential local producers thereby destroying local manufacturing capabilities and competitiveness.
Domestically produced clothing and furniture manufactures in both Ghana and South Africa are 8 Corkin, L., & Burke, C. (2006) . 9 Zafar, A. (2007) being displaced by imports from China 13 . In Ethiopia, a study of 96 micro, small and medium domestic producers reported that as a consequence of Chinese competition, 28 percent were forced into bankruptcy, and 32 percent downsized activity 14 .
On the other hand, Jenkins and Edwards (2006) argue that 'most of these imports into Sub-Saharan Africa have substituted for imports from outside of Sub-Saharan Africa, with the possible exception of Ethiopia and Nigeria, suggesting little displacement of domestic production and few negative impacts on employment and local production'. Rapid trade expansion with China has benefitted African countries by opening up opportunities for export.
However, not all African countries have benefitted equally since African countries are differ greatly in terms of their natural resource endowments (World Bank (2004b) ).
Most of Chinese development and financial assistance is tied to the purchase of Chinese goods.
These, combined with the preferential tariff treatment, may have a trade creation effect (increased exports to and imports from China). However, at the same time, they may also lead to trade diversion (affecting not just Africa's trade with other partners but also hampering potential trade between African countries). China's investment in Africa has been concentrated in the development of natural-resource sector and infrastructure, both of which help advance China-Africa trade volumes (but have played a limited role in helping the integration of African countries with the rest of the world). Barma, Ratner and Weber also believe that trade volumes between China and Africa are 'in excess of what standard economic models of trade would predict' 15 . Thus, China might be responsible for distorting patterns of intra-African trade. These distortions could have serious implications for the welfare of the African population. If intra-Africa trade levels are below their potential, it means that there may be gains to be realized from increasing the amount of trade. African governments could enter into trade agreements that increase the intra-regional trade thereby allowing African countries to reach higher levels of welfare.
In this paper, I use a modified version of the strategy proposed by Foroutan and Pritchett (1993) in their influential study 'Intra-Sub-Saharan African Trade: is it too little?' 16 , to study the effect of growing Chinese presence in the continent since the late 1990's on intra-African trade volumes. 13 Kaplinsky, R., & Morris, M. (2008) 14 Kaplinsky, R., McCormick, D., & Morris, M.(2010) 15 Eisenman, J. (2012) 16 The authors estimate a traditional gravity model (using a Tobit estimation) to study if intra-Sub-Saharan African trade is higher or lower than what would one would expect based on the gravity model I use the traditional gravity model to predict bilateral trade between the African countries and see if intra-regional trade in Africa is above or below its predicted levels. I introduce additional variables in the gravity model equation to account for Africa-specific factors. The coefficients for these variables help to identify if trade patterns of the African countries differ from those of similar 17 non-African countries included in the sample -these differences indicating some sort of distortions in African trade patterns. Finally, I also introduce China-specific factors to see if these distortions in the patterns of bilateral trade can be explained by the rising Chinese presence since 2000.
The remainder of this paper is organized as follows. Section 2 reviews the divergent views in the existing literature regarding intra-regional trade in Africa and the effect of China. Section 3 lays out the traditional gravity model of bilateral trade. Section 4 describes the data and the methodology used in the paper. Section 5 looks at the results from the estimated model.
Robustness checks are included in Section 6. Section 7 discusses some limitations of the paper and section 8 concludes.
INTRA-REGIONAL TRADE AND IMPACT OF CHINA: EXISTING LITERATURE
According to UNCTAD 2008 report on 'Economic Development in Africa', intra-regional trade has never been an important source of trade for Africa, accounting for only 8 percent of total exports in 2006. Some of the reasons for this, according to UNCTAD are -similarity of the exports structures (most of them being commodity exporters), high transaction costs (poor geography and infrastructure) and the presence of many barriers to trade.
The fact that these trade volumes are low does not necessarily imply that there are distortions in trade patterns. As Foroutan and Pritchett (1993) note, the intra-regional trade in Sub-Saharan Africa may be quite low, but taking into account the fact that most of these countries are very poor with low populations, there seems to be no evidence that these trade volumes are lower than what one would expect given the characteristics of these economies.
On the other hand, there are others who believe that intra-regional trade in Africa is below its potential 18 and in order to facilitate faster economic development in Africa, greater regional integration is required. A large number of regional trade agreements have been signed in the past decade 19 to expand intra-regional trade and take advantages of economies of scale.
However, despite the existence of these agreements in the continent, intra-Africa trade remains extremely low.
However, there are divergent views in this second group when it comes to assessing the impact of China on intra-Africa trade. The growing engagement of China in the continent has led some to believe that China could help Africa overcome its regional integration weaknesses. China's financing and construction of transport corridors, among other infrastructure development projects, could help in promoting and furthering the process of regional integration 20 . However, according to others, this may not be the case. Giovannetti and Sanfilippo (2009) , using a generalized methods of moments estimation 21 , show that rising exports from China to Africa have come at the expense of intra-regional trade -with specific regard to intra-Sub-Saharan African trade. According to the Africa Research Institute 22 , 'efforts to promote intra-African trade and integration are frustrated by the continued preference of China -and other trade partners -for bilateral relations'. Similarly, Chinese clothing imports have not only reduced domestic production in Kenya, but have also displaced imports from neighbouring countries, many of which were previously produced by small-scale tailors, dressmakers, and knitters 23 . Improving growth and development prospects of Africa is one of the prime concerns of the world economy today. Given the uncertainty regarding the impact of Chinese presence on Africa, it seems important to test these diverging views. If the effect of China on the intra-regional trade is positive (maybe due to better infrastructure facilities), then the problem may not be as severe as in the case when China has the effect of lowering this trade. The latter could imply that China is distorting patterns of trade by diverting exports and imports away from neighbouring African countries thereby preventing these countries from realizing gains from economies of scale etc. If this is the case, then the African countries need to rethink their 'China policies' and probably take steps to promote greater regional integration with the other African countries.
18 Potential trade refers to expected trade, given the economic, geographical, cultural characteristics of the countries concerned 19 There were over 30 RTAs in Africa at end of 2005 (http://www.indoAfrican.org/Regional%20Trade%20Agreement.pdf) 20 'China as a driver of regional integration in Africa: Prospects for the future' (http: //www.ccs.org.za/wp-content/uploads/2009/06/ china-as-a-driver-of-regional-integration-in-Africa_dbsa-conference-report.pdf 
THE GRAVITY MODEL
The theoretical justifications of the gravity model have been disputed quite often but empirically, the model has been quite successful in explaining the patterns of bilateral trade observed today 24 . According to the traditional gravity model, the bilateral trade between two countries is an increasing function of the incomes of both the countries and a decreasing function of the distance between the two countries. The gross domestic product (GDP) of the exporting country indicates the supply capacity whereas the importing country's GDP indicates the total demand. Transport costs are a major determinant of the bilateral trade between two countries and distance can be considered as a proxy for these transport costs 25 . It is common to include a dummy for whether countries share a common border. The effect of this variable on trade is expected to be positive as sharing a border implies lower transportation costs. Cultural and historical factors are often included in the gravity model. If the two countries share a common language, it is likely to increase trade by facilitating communications and making transactions easier. Similarly, if two countries share colonial links, one would expect these colonial links to have a positive impact on bilateral trade volumes. However, certain forms of colonialism promoted bilateral trade with the European metropole at the expense of trade with other countries. The effect of colonial link is therefore ambiguous. Being landlocked can have a detrimental effect on the trade volumes by increasing transport costs. Certain policy choices, such as the existence of preferential trade arrangements between two countries, are likely to improve bilateral trade between the countries. Larger distances to all other countries might also increase bilateral trade between two countries (because they do not have alternative trading partners). Thus, a remoteness index is often included in the gravity model equation. This remoteness variable can be considered as a proxy for 'multilateral resistance'. The importance of multilateral resistance as a determinant of bilateral trade was emphasized by Anderson and van Wincoop (2003) . An alternative strategy for doing this is to introduce country fixed effects. One can estimate the traditional gravity model and use the estimated coefficients from the model to predict bilateral trade 26 between the various country pairs. One could compare these predicted values with the actual values to see if trade volumes are lower/higher than the potential volumes -that is, to identify if the patterns of trade that we observe are distorted in some way. The main aim of the paper is to investigate if there are distortions in the patterns of African trade (particularly intra-regional trade) and if these distortions could be attributed to the influence of China engagement in the continent. As already mentioned, I use a modified version of the strategy introduced by Foroutan and Pritchett (1993) to directly test for these effects by introducing Africa and China specific variables in the estimation of equation (1). The estimated model allows me to identify distortions in the pattern of trade of African countries visà-vis similar non-African countries. It also allows me determine if intra-regional trade in Africa 26 I will be using the term 'potential trade' interchangeably with 'predicted trade' henceforth is below/above its potential level and if the presence of China can help in explaining these distortions. The details of the approach adopted in the paper are explained in the next section.
DATA AND METHODOLOGY

Data
The i.e. distance, contiguity, common language (official and second language), colonial ties (direct and indirect links), landlocked comes from Santos Silva and Tenreyro (2006) . The data for preferential trade agreements (PTA) comes from Kohl, T. (2014) , forthcoming.
Estimation Method
The paper estimates the traditional gravity model for a panel of 135 countries over the period 1990-2012 using GDP, population, distance, common borders/languages/culture, whether landlocked or not, whether part of a preferential trade agreement or not, as explanatory
variables.
The gravity model has traditionally been estimated using ordinary least squares (OLS) regression. However, Santos Silva and Tenreyro (2006) (2013)). However, the Heckman gravity model is based on the log-linear specification and hence, it suffers from problems of heteroskedasticity (Liu (2009)). The third approach is to use negative binomial models. However, as Tran et al. (2013) 
Methodology
As already mentioned in Section 3, in order to estimate the effects of Chinese presence in the continent, I estimate a modified version of equation (1). Just as Foroutan and Pritchett (1993) , I include the following additional dummies in the estimation of equation (1):
African_rep = 1 if the reporter country is in Africa; 31 Herrera (2010), 'Comparing alternative methods to estimate gravity models of bilateral trade' 32 This command automatically incorporates the robust option Oilexporter_rep = 1 if the reporter country is an African oil exporter 33 ; African_both = 1 if both the reporter and the partner countries are in Africa;
The coefficient for the first dummy indicates how trade patterns of non-oil exporting African countries compare with those of similar non-African countries. The coefficient for the second dummy gives the differential effect if the reporter country is an oil-exporting African country.
Looking at the coefficients of these dummies can give us an idea about the distortions in the trade patterns of African countries. The third dummy, for both countries being African, tells us whether intra-regional trade in Africa is higher or lower than what the gravity model would predict given the GDPs, populations, distances and other characteristics of the two countries.
In Using the coefficients of these interaction dummies, I estimate the effect of trade relations with
China on intra-regional trade in Africa. I divide the data into two periods: Pre-2000 Pre- (1990 Pre- -1999 and Post-2000 Post- (2000 Post- -2012 . The latter is the period when Chinese engagement in the African continent started growing at very rapid rates. I estimate the effects of China on intra-African trade for the two periods separately to see if the effects of Chinese engagement have changed over time. Given the heterogeneity in the relation of China with African countries, it is interesting to see how the impact of Chinese presence on intra-regional trade varies for that of 33 Oil exporters are defined as countries where fuels accounted for more than 50 percent of merchandise exports in 2011 and include Algeria, Angola, Chad, Congo, Equatorial Guinea, Gabon, Libya, Nigeria and the Sudan, (Intra-African trade: unlocking private sector dynamism, UNCTAD) 34 In order to create the interaction dummy, first, a China_direct dummy was created which takes the value 1 if either of the countries in the country pair was China. This was then used to create a China_presence dummy, which takes the value 1 if either of the countries in the sample had trade relations with China in that particular year. These were then interacted with African_both dummy an oil abundant reporter countries vis-à-vis a non-oil abundant reporter countries 35 . Hence, I estimate the effects on intra-African trade for both groups of countries and see how these have changed over time. The derivation of the formulae used in estimating these effects is explained in Appendix 2.
RESULTS
Table 1 below presents the estimation results for the traditional gravity model using PPML.
Bilateral import patterns may be determined differently from bilateral export patterns and hence the model is estimated for imports and exports separately (Foroutan and Pritchett (1993) ).
Columns 1 and 3 report the gravity model estimates for exports, without and with time fixed effects respectively. Similarly, columns 2 and 4 report the estimates for imports, without and with time fixed effects respectively. In each case, the dependent variable is the level of bilateral trade measured in 1,000 USD. Although the dependent variable for the PPML regression is specified as exports and imports in levels rather than in logarithmic terms, the coefficients of independent variables entered in logarithmic terms can be interpreted as simple elasticities and the coefficients of independent variables entered in levels can be interpreted as semi-elasticities (as under OLS) 36 . The test for joint significance of year fixed effects has a p-value of zero. In other words, the time fixed effects are jointly significant. Hence, I will be using the coefficients from columns 3 and 4 for interpretations of the results.
The model was also estimated using ordinary least squares (OLS) with 'trade' and 'one plus trade' as dependent variables. The Breusch-Pagan test rejected the null of homoskedasticity in both cases with a p-value of zero. The 2 value in both cases was lower than those obtained for PPML (in the ranges of 0.71-0.72). Both these results suggest that PPML estimation would be more suitable than OLS. The paper only reports the PPML estimates 37.
35 This captures the idea that China's engagement with natural resource rich countries may be different from the rest of Africa and hence there may be an asymmetry in the effect of Chinese presence on intra-African trade depending on whether the country is resource rich or not 36 Shepherd, B. (2012), Chapter 4 (Alternative Gravity Model Estimators) 37 The results for OLS have not been included due to the word limit but are available on request Sample Period 1990 Dependent variable Export (in 1,000 USD) Import (in 1,000 USD) Export (in 1,000 USD) Import (in 1,000 USD) (1)
(2) (3) (4) Log partner GDP (in millions) 0.8167*** 0.7826*** 0.8085*** 0.7731*** (0.006) (0.0038) (0.0059) (0.004) Log reporter GDP (in millions) 0.7942*** 0.8338*** 0.7836*** 0.8238*** (0.0047) (0.0070) (0.0048) (0.0068) Partner population (in thousands) 0.092** 0.636*** 0.036 0.580*** (0.00) (0.00) (0.00) (0. Test for year fixed effects: (22) = 589.39 (22) = 658.25 Probability> 0.0000 0.0000 Note: Robust standard errors are in parentheses. * significant at 10%; ** significant at 5%; *** significant at 1% As can be seen from the table, the signs of most of the variables are as expected. A higher GDP of both the reporter and partner has a positive impact on the bilateral trade. A one percent rise in the GDP of either the reporter or the partner causes bilateral trade (exports and imports) to increase by approximately 0.8 percent. Increasing the population of the partner country by 1,000 will cause exports to rise by approximately 53 percent and imports to rise by approximately 17 percent 38 . Positive effects of population growth on bilateral trade are a result of both demand side (larger markets) and supply side (greater workforce) factors. The model predicts that a one percent increase in the distance between two countries would decrease the volume of bilateral trade by 0.87 percent for exports and 0.83 percent for imports. Countries that share borders have about 9.5 percent higher trade volumes as compared to countries that do not share a border. If the reporter country and/or the partner country are landlocked, it becomes difficult to trade. The model predicts that a landlocked reporter exports approximately 33 percent less (and imports 25 percent less) than a similar country that is not landlocked. As theory suggests, remoteness has a positive impact on the bilateral trade between two countries.
A one percent increase in the remoteness index for the reporter country leads to 0.71 percent higher export volumes and 0.86 percent higher import volumes. Countries with colonial links have bilateral trade volumes 27 percent lower than countries that do not. Sharing a common language has a positive impact on bilateral trade. Being a part of the same preferential trade agreement (PTA) leads to significantly higher trade between countries that are members of the PTA compared to those that are not. This is true for both export (50 percent increase) and import volumes (33 percent increase). Now, let us look at the estimates of the Africa and China specific variables that I included in the estimation of the traditional gravity model. If the reporting country is African and not oil abundant, then its exports are lower by 40 percent (and imports by about 10 percent) as compared to a similar non-African country. This result seems to be in line with existing literature that suggests that most African countries remain more or less marginalized from global trade 39 . If the country is African but oil abundant, its exports are almost 70 percent larger than that of a non-oil exporting country with similar characteristics. On the import side however, the patterns are just as before -the country imports 22 percent lesser than a similar non-African country. These results also show the heterogeneity in trade patterns for resourcerich and resource-poor African countries. On the import side, both seem to be marginalized from 38 These effects have been estimated using the formula: %∆ = 100 exp( ) − 1 39 Sachs and Warner (1997); Subramanian and Tamirisa (2001) global trade. But on the export side, resource-rich countries are actually exporting much higher volumes than would be expected. This could possibly be a reflection of the growing demands for fuel by China and other Western countries and the consequent commodity price boom. If both countries are African, the trade between the pair is larger than what one would expect for a pair with similar characteristics. For example, on the export side African countries are exporting more than double of what one could expect based on the gravity model estimates. This is in line with findings of Foroutan and Pritchett (1993) that intra-regional trade in Africa is actually more than what one would predict given the determinants of bilateral trade. Now, let us look at the coefficients of the China-specific dummies to estimate the impact of Chinese presence on intra-regional trade in Africa (for oil exporting countries vis-à-vis non-oil exporting countries for the period pre-2000 and post-2000).
For non-oil exporting countries, China's presence in the continent during the period 1990-1999 has had the effect of deterring intra-regional trade in Africa. This means that an African country imported less from (and exported less to) another African country in a given year if either of them had trade relations with China in that particular year. This effect is quite significant in magnitude for the case of imports. Trade relations with china cause imports from (exports to) other African countries to be lower by approximately 85 percent (13 percent). These results support the studies mentioned in Section 3 that suggest that cheap imports from China have hurt imports from neighbouring African countries thereby lowering intra-Africa trade.
For oil-exporting countries as well, China's presence in the pre-2000 period adversely affected intra-Africa trade. However, it is interesting to note the much larger magnitudes of these impacts. In the case of exports, China's presence causes exports to other African countries to decline by 85 percent -this impact is much stronger than the impact on a non-oil exporting country. The trends for imports are similar (a decline of 95 percent). Thus, we see that the patterns of distortion in trade due to China's presence are significantly larger for an oilexporting country vis-à-vis a non-oil exporter. This could be a reflection of the asymmetry of Chinese trade relation with resource-rich countries and with the rest of Africa 40 .
40
As mentioned in the 'Introduction' section, China's growing demand for natural resources and energy supplies has led to a much greater involvement of the country in resource-rich countries of Africa as opposed to the rest of the continent. Thus, it seems plausible that the distortions in trade patterns are larger for oil-exporting countries Looking at these results, one can conjecture, that in the period before 2000, trade relations with China led African countries to import much less from other African countries -possibly due to influx of cheap goods from China. Similarly, there was a diversion of exports away from other African countries. The latter effect was much stronger for an oil-exporting country -possibly reflecting the growing exports of oil and other natural resources to China (and a few other countries).
After 2000, however, the extent of Chinese presence in the continent started increasing at a much faster pace. And as described in the introduction to this paper, these trends in growing trade were accompanied by growing foreign direct investment (FDI) and aid flows to the continent 41 . Thus, it is important to look at how the effects of Chinese presence on intra-regional trade have changed over time.
The impact of trade relations with China on intra-regional trade in Africa continues to be negative even in the period from 2000-2012. This holds true for both oil-exporting and non-oil exporting countries. For a non-oil exporter, exports to other African countries were lower by 6 percent and imports from other African countries were lower by about 80 percent (still significant) as a result of Chinese presence. For an oil exporter, the corresponding figures were 68 and 90 percent respectively. The patterns of distortion in trade follow the same trends as in the pre-2000 period: (1) distortions are much more for imports; (2) distortions are greater for an oil-exporting country; (3) distortions in exports are relatively much larger for an oil-exporter than for a non-oil exporter.
However, it is interesting to note that the negative effects of Chinese presence on intra-regional trade have become smaller over time. The distortions for imports remain quite high even post-2000 but there has been a significant improvement on the export side -7 percentage points for non-oil exporting countries and 17 percentage points for oil-exporting countries. These positive trends in the 2000-2012 period suggest that the growing volumes of aid and FDI from China (used primarily for financing infrastructure projects -road building, railway rehabilitation, developing industrial capacity etc.) over the past decade may have helped African countries overcome some of the infrastructural bottlenecks and allowed them to trade more with each other. The fact that these positive trends are more pronounced for oil-exporting countries may render credibility to this causation story because even though investments were made in both resource-rich and resource-poor countries (to enable cheap goods from China to penetrate the African markets), the major chunk of investments were concentrated in countries with abundant natural resources. Significant investments were made to develop export-specific infrastructure in these countries to enable easier export of oil and other resources. Thus, it is not surprising that improvements in export volumes are larger when the reporting country is an oil exporting country.
Thus, the regression results show that Chinese presence in the continent has distorted patterns of intra-regional trade. Even though intra-African trade is higher than what one might expect based on the gravity model, the results suggest that trade relations with China lead to a diversion of trade away from African countries (to China possibly). In the post-2000 period, however, the situation has improved slightly. Growing Chinese investment and aid, leading to improved infrastructure and production capacities could explain these improvements in intraregional trade in the continent in 2000-2012 period relative to 1990-1999.
ROBUSTNESS CHECKS
No consensus has been established in the literature regarding the estimation technique that is most suitable for estimation of the gravity model. Since the seminal work of Santos Silvas and Tenreyro (2006), a lot of papers have made use of the PPML technique for gravity model estimations. However, some papers still make use of the Tobit specification. As already described in Section 4, the Tobit model has its disadvantages but it is worthwhile to check the robustness of our results to the choice of this estimation technique. The results for the Tobit specification are reported in Table 2 42 . The dependent variable in this case is logarithmic as compared to PPML estimation where it is in levels. Sample Period 1990 Dependent variable Log Export (in 1,000 USD) Log Import (in 1,000 USD) Log Export (in 1,000 USD) Log Import (in 1,000 USD) (1)
(2) (2) (4)
Log partner GDP (in millions) 0.9744*** 1.3015*** 0.9737*** 1.3016*** (0.0026) (0.0025) (0.0026) (0.0025) Log reporter GDP (in millions) 1.4288*** 1.0539*** 1.4256*** 1.0506*** (0.003) (0.0027) (0.003) (0.0027) Partner population (in thousands) 0.065 ** 0.166*** 0.066** 0.166*** (0.00) (0.00) (0.00) (0.00) Reporter population (in thousands) 0.142*** 0.156*** 0.145*** 0.166*** (0.00) (0.00) (0.00) (0.00) Log distance -1.4356*** -1.2628*** -1.4394*** -1.2608*** The signs for GDPs, populations, distance, remoteness, border, common language, and preferential trade agreement are same as the PPML estimates and are consistent with theory.
Tobit estimation gives a positive sign for the coefficient of colonial links which is in contrast with the results obtained in the PPML 43 .
Let us now look at the coefficients of the variables that we are interested in -the China and Africa specific variables. The results seem to suggest that non-oil exporting African countries actually trade more 44 as compared to other countries with similar characteristics. These results are in contrast to the PPML estimates obtained above but are consistent with the findings of Rodrik (1998) and Coe and Hoffmaister (1998) . The authors claim that given the geographic and economic characteristics of the African countries, there is no evidence that Africa is marginalized from world trade. An oil exporting country, on the other hand seems to be marginalized from world trade for both exports and imports (39 and 33 percent lower volumes, respectively). These results seem counter-intuitive to the evidence that most of Africa's trade (especially exports) are accounted for by the resource-rich countries. This seems suggestive of the fact that a Tobit estimator may not be suitable in this context. If we look at the intra-regional trade in Africa, the Tobit specification is consistent with the PPML results that African countries trade more with each other than would be predicted by the gravity model 45 .
For the period 1990-1999, trade relations with China caused both oil exporting and non-oil exporting countries to export less to other African countries -decline of 96 and 89 percent respectively. These estimates suggest massive volumes of diversion of exports away from the continent to other countries. In contrast to the Poisson pseudo-maximum-likelihood estimates, the impact on imports is positive for both resource-rich and resource-poor countries. For example, the presence of China has led non-oil exporting countries to import more than double of what would be expected from other African countries. This again seems counter-intuitive given the growing anti-China sentiment among African manufacturers and increasing demands 43 These variables are not of primary concern for this paper. Hence, I have not included a comparison of the coefficients of these variables for the Tobit and PPML specification 44 Imports are higher by approximately 26 percent. The coefficient for exports is not significantly different from zero 45 The results are significant only for exports
Year
Test for year fixed effects:
F-statistic F(22,219133) = 22.23 F(22,232757) = 26.86 Probability > F 0.0000 0.0000 Note: Robust standard errors are in parentheses. * significant at 10%; ** significant at 5%; *** significant at 1% for protection from cheap Chinese goods. The impacts for the post-2000 period are similar to the pre-2000 period suggesting no significant effects of Chinese aid and investment programs.
These robustness checks show that our estimates are not entirely robust to the choice of estimation technique. However, one must keep in mind that the Tobit estimator has an obvious drawback -it assumes that the factors that determine whether two countries trade or not are the same as the factors that determine what the volume of bilateral trade will be. This may not be the case given that China's engagement with Africa (in terms of trade, investment or aid) is largely driven by natural resource considerations. Political regimes and other factors may also affect whether a country trades with an African country or not, but these may not affect the volume of trade. Linders and de Groot (2006: p. 5) note that 'it is unclear which optimizing framework would justify negative desired trade, even if caused by randomly distributed factors not explicitly identified in the model. As a consequence, the Tobit model is not the appropriate model to explain why some trade flows are missing'. Thus, even though the results are quite sensitive to the choice of estimation technique, it seems reasonable to prefer the PPML estimation over the Tobit due to some obvious disadvantages of the latter.
LIMITATIONS AND SCOPE FOR FURTHER RESEARCH
As noted by Bergstand (1989) and Anderson (1979) , the gravity model estimation of bilateral trade lacks strong theoretical foundations as it is not based on optimization behavior of economic agents. Efforts have been made to improve the theoretical foundations but it is still far from adequate. This leads us to the first limitation of this study. However, one must also keep in mind that the gravity model has performed quite well empirically in explaining bilateral trade volumes and given the aim of this study -to understand whether Chinese intervention has distorted patterns of intra-regional trade in Africa -a gravity model framework seems to be the most suitable.
Secondly, the results are sensitive to the choice of estimation technique. But as argued in Section 5, PPML estimation has several advantages over other techniques (particularly with regard to problems of zero trade flows and heteroskedasticity) and seems like the most reasonable approach for estimating the traditional gravity model. The paper explores the impact of 'Chinese presence' on patterns of trade -that is if either of the country had trade relations with China in a given year. It does not look at the intensity of the Chinese engagement. This leads us to the main limitation of this study -it only looks at the extensive margin of Chinese engagement. However, since most of China's trade and investment is concentrated in resource-rich countries, the inclusion of a dummy for oil exporter and its interaction with a Chinese presence dummy could successfully provide an indication of how the (distortions in) trade patterns vary with intensity of Chinese involvement. Similarly, since the rapid growth of Chinese engagement is only a recent phenomenon, the inclusion of a dummy for post-2000 period (with suitable interactive terms) could provide an indication of how the intensity of Chinese involvement affects trade patterns. It must be noted, however, that these will only be imperfect indicators. It would be interesting to study the effects of Chinese presence on patterns of trade of resource rich countries vis-à-vis the rest of Africa taking into account the intensity of Chinese engagement (volume of trade, aid and investment as a percentage of GDP etc.). It would also be interesting to study the relative importance of these different channels.
The paper suggests that the key mechanism through which increased Chinese presence may have led to improvements in intra-African trade in the post-2000 period is improvements in infrastructural and administrative capacity. However, this hypothesis could not be tested in the present study due to time constraints. Given more time and resources, I would like to include some measures of infrastructure quality in the country, quality of institutions (as a proxy for administrative capacity) and the amount of Chinese aid and investment allocated to different projects 46 to test these claims.
CONCLUSIONS
China's quest for natural resources has led to increased involvement of the country in the resource abundant African continent. There has been a surge in Chinese trade, investment and aid flows to the continent since late 1990's. The development community has divergent views regarding the motives of China in Africa, the impact of China on African trade, welfare of the population and so on. In this paper I focus on one particular aspect of these debates -the impact of China on the intra-regional trade in Africa. 46 AidData website has data for Chinese aid to Africa at country-year-sector level.
China grants preferential tariff treatment to Africa. Most of its development and financial assistance is also tied to the purchase of Chinese goods. Both these have the effect of distorting the patterns African trade, in particular trade between African countries. Given the importance of African trade as a means of alleviating poverty 47 it is very important to study what these distortions look like. The paper estimates a modified version of the traditional gravity model to study these distortions and how they vary over time for both resource-rich and resource-poor countries.
The results suggest that African countries that are not oil-abundant are marginalized from global trade with their export and import values being lower than that of a similar non-African country. These imply the importance of factors like poor infrastructure, administrative constraints, institutional weaknesses that constrain African trade. Similar patterns are obtained for resource-rich countries on the import side. However, the growing demands for natural resources all over the world and the rising commodity prices have led to much higher export volumes for these groups of countries than would be predicted by the gravity model. Consistent
with several studies, this paper finds no evidence that intra-regional trade in Africa is lower than potential levels.
The negative effects of Chinese presence on intra-African trade show that patterns of African trade are indeed distorted by Chinese involvement in the continent. These distortions are larger for an oil exporting country and are much more evident for imports. These results support the view that cheap imports from China have diverted imports away from other African countries and the preferential tariff treatment awarded to African countries has diverted exports away from African countries to China (and other countries). But there has been an improvement in trends over the past decade. These distortionary effects have become less negative over time, especially for the case of exports. This suggests that improvements in infrastructure and other administrative constraints achieved with the help of increasing Chinese investment and 'aid for trade' packages have offset these distortions partly and enabled African countries to trade more with each other. These offsetting effects are quite small at present but one must keep in mind that infrastructure investments are long-term investments and it takes a decade (or possibly more) for them to show their full effects. Thus, one could expect further improvements in intraregional trade in Africa as higher volumes of Chinese aid and FDI continues to flow into Africa. 47 Emphasized in the Doha round
The results of this study highlight the crucial role of African policymakers. Currently, African consumers are benefitting from cheap manufactured goods from China (the same goods could be produced at only much higher costs at home) and manufacturers in the natural resource sectors are benefitting from the growing demands for imports from China. Even though some import-competing sectors have been hurt by China's presence, it seems reasonable to assume that cheaper consumption goods along with investments in infrastructure, capacity building projects and the like have benefitted the African countries. However, one must look at not just the static effects but also the dynamic effects of Chinese engagement.
The analysis shows that the benefits from the involvement of China are being achieved at the expense of lower intra-African trade. As emphasized by the Doha round, growth of intra-African trade is crucial for the development of the continent as whole. Taking this into account, the long term effects of Chinese influence do not seem to be as positive. The African countries need to take advantage of the improvements in infrastructure and institutional capacity to promote intra-Africa trade. Though there have been some positive trends in this direction in the last decade (allowing these countries to benefit from scale economies in production as well), it is very important to ensure that the benefits of Chinese presence are harnessed properly.
Policymakers must take steps to ensure that appropriate skills and productive capacity are developed over time that will allow African countries to diversify their export base and to prevent this from becoming yet another story of Dutch Disease.
